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Abstract Of JP2001 1788T3 

PROBLEM TO BE SOLVED: To provide a manufacturing 
method for a nitride semiconductor substrate which can 
obtain a nitride semiconductor substrate by satisfactorily 
removing a heterogeneous substrate of sapphire used to 
grow a nitride semiconductor substrate. SOLUTION: At a 
1 st stage, a base layer 3 is formed of a nitride 
semiconductor on a heterogeneous transparent substrate 
1 , At a 2nd stage, a surface whare a nitride semiconductor 
can be grown laterally is exposed on a flank of recessed 
part, by making the base layer 3 uneven by etching up to 
the heterogeneous substrate 1 . At a 3rd stage, a 1st nitride 
semiconductor 4 having dislocation reduced Is formed by 
growing the 1 st nitride semiconductor 4 on the uneven 
base layer 3, a gap is formed between the heterogeneous 
substrate 1 at the bottom cf the recessed part and the 1st 
nitride semiconductor 4. At a 4th stage, the surface of the 
heterogeneous substrate \ where the base layer 3 is not 
formed is irradiated wHh an electromagnetic wave, to 
separate the heterogeneous substrate on the Interface 
between the base layer and heterogeneous substrate, 
thereby removing the heterogeneous substrate. 
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i2. £^^ttj&»***Tifc«*«£stf69iiox 
3<oxet. fl9Sffi3<oxsSHc, frss?as«^JS2 

«L.TMHHEfra9NK*40>XSi:. &^f*ifc 

* not fc r AfiftwswwKwfwwa. 

[MSB 2] bJIEKICi**, 2>?-f7WCfcS£i: 

-r s c fc $ mat -t-tmrn 1 xa 2 tznsBt<wit,w* 

4tfWtt>llVft'. 1 0 O^mJ-XLT'fcS^li: Sr^at 

im%m5} njiesi3^xe»c*i<t*»i<oS'ffc'ft¥ 

l9iHEIi!!rS-*-f§Tftt»J:K- lfc&8r£*0. 
5 /# m/HflaeLfc 10<u m/B*BfclTT1IS 2 flJOftfli* 
»***ftS***3-l«TIHfc. HifK#3-l<0X 
CMMC. Oxtm/BSiaiyJt5 0 0/im/B? 

war?. ss3oiift8!>^#&jft«3-<i-siiS3-2?> 
i mzm 6 j fries 2 ^urawa titzwacoc& 
[emt9R7] wK*2oxwc»fts*i*E!flfl«>ia« 

[ m*JBs ] firiemiass**. »53 7 0 n mtiT^t 

[000 1] 

¥ ( led> . 1 — w-r*- wf (ld) s^^e 



«aftHW4P»(In|A]yOa 1 .,. T N. 0£X. 0£ 
I. x+YS 1 ) i ")tS*mtl?ft4SftWi 

[0002] 

[«£#?>»*&] iffi*. ftM^^JlljraB4t4fc4Whb» 

[0 0 03] fllitf. Appl. Phys. Let 
t. , Vol. 72, No. 16, 20Apri 1 1 
998 pp. 20 14-2 01 6«5^«ttttt. 2-ft«) 

«W f TO«:**»»T'G a N S: ifcllS « 
T\ #tELOGH»i»^*W«*i. ) *=<krm<b 
fife G a N <VX.ifit>% i Q a Ng£_LC*^«ji£j&a 
$HrC*&LD**IEJ&£;h.-C^«). *LT. tSSBOJRT 

StifcO a N SffltW^T'f T*» 

*L*:3S«k:> *7T4T**LTVVMHKfce*;*ve 

$. -9-7 r<rr ^«^-«SRjiOLD»sa-c^»RR 

ihfeGaNg£^t<7)LD«, FMWf tf^gBK^* 4 ? 8 
oiMBCLtfc**. w^i^^^^eo^aii. -9-7 

r Twrn,* in* * l dti±i)-7 t 4 T;m»iirfc a 

i«»ttW7T-f T*WBfc:J:9llfr*tTGaN 
ffiKfrhtl; * G a NS^^--2. L D -CligROftifcVA 

[0004] 

[*WWW*fcUJ:ifcr*IWi] LA»L**<^, ELO 

■9-7 r A Ttm^KMzfpgmiStffrfr^X L& 
9*v GaNIS«#X*tfe , 3!Btfxfe , ?L'3:t^J:5CffiS 
SSL, fPSaxm^^Wftf*. 
[00 05} -^7, WW2WOOaN*»fe'9'7T'fr«r 
*R|-r«»*&t LT. WAfcfs App 1 . Phys. L 
«tt. 72 (5) , 2 Februay 1998 
pp. 599-'601 tett. -9-7 T -f 7SI±l:GaN 

±tx^>-£-fl-L"C®SgLv t7r-{ T/GaN/Jt 
^VSi <7>mmz LtcWk. "9-7 7*fflA'fe K r F 
rSrSBWLT > t7T-f7iGaN 
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fc**LTO*#OTIT*MIIU G»NHt7r-fT 

-WHWfcJ:'). G*Nfc*7r*T* s »*UTV>*&*' 
SITG a NA«U— T^2:©1R LTG a N fc» 
G aNiPfet7 r -f Tttititt&Z t totfc 
4*i, G a N^(Si~ J: -Jt^'r* N , tfXcr>*}X&. 

*iS. 5*>(CGaN«!01f7 7"fTf:«ttLTV^ffite4 

<emft-?Txew^k#£t, ftgrcg*****.!: 
[0006] mtummm 

[0007J 

TIE ( 1 > ~ ( 8 ) ««ifi£i:«l;')^tSiii« c ^& 

(1) ma9fcft2^fc*#LBftft¥«tfc2:|» 
^r&W^^^r&^SrSa^W^l WW±fc. aft 

*mWfa*m& b OlSJtcSi!* JIMS *IS 3 Z>XS 
ffl£&*Br>MKff4ax«t:. t*r*£t*1Wfci: 

(2) weeks**. xhjJTmzvjk&ztztm 

as. 

(.3) tt^2<&xeT»Jft«*LSI9a£<. x-,*>» 
fc < 1 ) Xli ( 2 ) tcHRaaftfe* 



( 4 > InTE® 3 OXWe*** *4» 1 SJBflSWs* 
1 0 0wm£lhT'fc££fc*»t8irf51? 

e < i ) ciE«^ftflfl^sH««ofwwa. 

( 5 ) WBJB3 *>I«C4J»7*» l «»t*MHM! 

$jSi^3-«-&»3 - 1 fc . WiSIS 3 - 1 OXS« 
C, 1 0 Atm/1WBI6Lh5 0 O/im/WSd 

TC. Jll3«fiHBII«iJWfEftJ««*-***3-2»Xll 
tC* OfcaSitTSr^iMMRfc-ftltE ( 1 > X 

a < 4 ) icB*«afcii¥W¥raofWKfe. 

( 6 ) ffri£&2 ^IffflWl* ti^PDOOdSHJiBf 
*f. »fl3IIMIMWI^J«*ttc<V»Xttl«*L*l\««*» 

■rsuiB ( i > ttmnm<twtm&mm<r>fm-m . 
( 8 ) m&WBm&~ 3 7 0 n m OTtfjaaatr 

[ 0 0 0 8 3 -?± 0 . *W)DIUE«3A< . W»2rll« 
^±C^^«TS£ELOG&fi£lT3IBHc. E 

L0GjR*ct nwsmLtmwmwt <vmm 
mzum<i£.2m<7vkt& j: ^ t&s%<w l o g&jit* 

EHTiSC: i>-CV^GaNc04<'<lflSS:t.jniMT§ t . 
aftWMWW 1 £4r 6 Tli £afc&ftCWB£«i4 fx 

BftHMNM*!: LTV >&&##iKr< ft* «T. 
U --fSSttC J: •? *JH-r & G a N OBBW*^ * < ft 9 S 

i. 

ft^^:ELOGjSfiS-4T?ISts V— flIWMWC* 

GaN^«?T-«±rSN 2 ^Ji, ISI«nKai(£»JlKS 
fi.* RSiacx£***^^i^8«^(7D«'J<X- < 5»G a NOi < 
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mox h 5 a y&ttkw&z tit> or, y <y vwitvz. 

[0011] £fc3£,lc. *&WiziS^X. SS2<9Xg 

gZ&W>mt>tit>%L2&* 1 0 0 O^^Al-a-A 

WL^. ££fc|?»»t#2 0 0 0*:^Xha~ 
jJo-3 0 0 O^V^Xha-AOgKSTBI^ftTV^ 

[0 0 12] *56^fc*J^T, S&30X5K 

ELL. #£L<tt2 0 0«mfeU:« i >) JfFi L «± 3 0 
OMitifcUi, $fcfc#*t<W5 0 0jumIJUt?&S 

u>. *i aanwiwtem <o± 
xmssmtsiis mm. immMXTx-h*. 

[00 13J *»J(;*5V^T. Sg3*>X« 

ISIJ^TT1g20a<t!IW»f*?:«^S-y-S^3 - 1 OX 
St, -OXStftC. &jy&&£l 0^rii/B#iafct±5 
OO^m/WTT, #30gfcif%^#*j£*§-£ 

4*3-2«X«fcfcJ:»HMt**iT**fcs »3-l 
»IiretfU5*l»<».*»:*tfc. flU^fcfMOCVD. 
TilSf KSfcffifcffitfSTS . m 3 - 2 OXSTmSiEKO 



[0014] *JWJ«C*Vvt» #2*>X*I 

T»1L». ELOGjft*fc l/Ctt. GO 

_LiS**TJfcJB , XJ±«BBR-CS6 &<k$ a***«Wf feh. 
4. 

[00 15] *»fl|c4iv*T. fKfii«#. 

»K3 7 o nmjaT<o«aaarr*4k, js«8*»»2na 
m l x v > & Tifi»£ aistr sg-ft^^nfrS: ianc*» 

[00 16] 

inw<v5m<wm\ fin f fcai-««7tJHv»'c. *« 

nifto^jsT^ s e l oGKRACMcmsfiKin^^m 
tttwtitmHiirft». n 2-04 ». #f& 

(JBfcfflV E L O OtfSfiO*X@C A 9 $ feA4 «7 

*Sw»cu^^ufe«t*&*i»HaES-c*>*„ a7t4. t7? 

[0017] 01 t=^J= pfc, D3Q£^- 

*TfM4iteELoaj(»fcJ: oasiOS-ftW^* 
4t**S**itte*0. DD»J^P0^2S«clt© 
1 0Sfl;!8|it^Wlc4 1 Olfflfcl, 3SBfc&^s£^fLTfc 9 , 

aS^Ji. JilEOJ: 5 tC^-^< fc 4>WTO^ 1 OXg- 

*?\ H2t*i-i4fc. jssioxetcio. SSI 
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6. 

[0019] mz. B3 ( a - 1 ) . (b-J) 

M3 i m#mz&imm 1 1 ryfLxwaiB 

[0020] <fcfc, 123 U-2, a-3> , (b- 
2. b-3) fc^fJ:3tC *3GO»teJ:»>, Eia«r 

suss i ^aLhc«Hto*»** s *<Lfc< vvfettc. 

» U mS5^ffly®*> htitJk UfcSB 1 ^2fl^¥*«£4 

a lt 1 Bat^ss 1 o3tefeif**we4 *^ 

*Lfc<vw. MiH!K85^»^&S 1 fc 3* 1 VMAWfo 
WHM fc^lHt;:tt£B&W&l£$:h.«. . 
[002 1] m 1 tc^r-f -J: ? fc. SS4 ^iXSIfcJ: 

fcTftte3<D*<*i.«£fcR&±-e#$. £*>J:3*Sei 
OXS--W4 ?>XI1£?t7 i fc fcJ; •? , HS&fc 1 *Bfe 

[0022] [m«XS] ISlOZDm*. H2C** 
fL&Jt-3t. «aa£mi±tCT«W3S-fi£JI3*«.X® 
*JW»=4J».vt. K8£«l fc t-Ttt. 4«Sc< 

^4cv»3b». mtimi*mi.xtt. cm. rs, s^a 

®^V>-fiTj&»^Ktr'&' < f7r'f7. (Ms 
Al t Q»>«>J:*&|gltSS«. SiC t6H. 4H. 
3C$-#tf) > ZnS, ZnO. G a A s . Si, 

*FlfcU>SfflS«?fc UTti. t7T'f7. X** 

-t7r>fT<D*W5rir<o®(^&*»i:J:-?r.. sua 
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v>. 4fc, ASttKl03ff ianfc«20>lirfctt. Tift 

is 3 ^fcjfcss ^* m t wsmif^&tti w t s 

[0023] *WBtcjsv»f. T*ft»3 fc UTtt. 
< fc fc 1 JgUU^g^^Si^&ftif *1$r 
#* L < (iSSIffiK 1 ±jfc«filiWw< v 7t« 
1 2^jS#$-^«. SiSBE*^Sfli!Hj¥«*l 3 5rfiE 

(t>. A',7Tfll 2fcUT»4, A I N. GaN. A 1 G 

aN. I nGaN??**MV^/ti. A?7rfl 2**. 

Witf, 9 0 0*CCIT3 0 0XJ*Lh^«ByKT', ffiy*o . 

5//m~l QXyfJ.h'Q — ATBE-^^fl'S)- C«^J:7 
1 ±l=> W 7r®12^90 oriaTcoiaBE 
fc . 1 fc ^£«0Bfttt¥«tic 1 

3fc^^SSPPiES-«30L, (Sia^OS-fl:^^* 

1 3^s^*:i!iS* 4 ^<^&ffiftic&$. i§saj£^<os 

dope) <0GaN. X<4, Si, Ge, RtfSSWvtffc 

fc sfflfi2gcoa'fi»9ifl£i 3». ssa. m 
tifa^wcjjiug o o'cj: Offiia-i 1 o o-c. 

o %m.x-mz*z fc , nsmm>mmm^ 1 3 

timfeSfc^r&. 

[0024] jSiftE%^OS^N»)c 1 3 Ol»5tfc UT 
14, 3ft2<OxeT^?it*DaO<?)ei«J:®*n r miB3 
X-bh [IM3<?>a-l~a-3] *». fi^K-CSIfciiT 
viST%B3-rS>S [H3<?>b- l~b-3] *»fcJ:o 

[0025J JilTKl^2«OXie-Cm$fl.&l!ai!!i^(aSB 
±S**T«6S3-C***^ B3tf)(a-1) - (a- 

3) ] teovvcsBSW*. &®±mifTimsx'bi>i& 
«*<iEai'cs&j:7te. ma^^iBfirsifc*"! 

^)R^-C«)& 1 lfc*<*rSL<, ^<fcfc5 0 0^-V 
^ha-AJJLfc, »*L<(i5^mULfc> iOWSL 

<«i 0Mm&±ff>mmx'&tfLZtiz- aoaneaa 
<7>mm±. wsma&nmzx-ixm&smztiz. 1 
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[0026] [* 20X15 : {h&±mtfTmiB3X'$>Z 
•*] »2<*>XStt. S3 (a- 2) C^Sft|> 
J:3te. JHHWtlJLfcTO13 (aV 7 rMl 2 . % 
3) Tft«3 

[ o o 2 7 1 s*2 ^ lit . mti-mz&m&ti. 1 

3 <?> HEHSIHS&^fSjilgfR 1 Jt^Sffl ? ft* J: 3 . Tffc 
»3<7>«Bi*>4>SjH3&K 1 #l*Hifi*>-> t51*£-JBflcL 
T JMUtt: < . Tfft/B 3 tcvvfft£>jHftTl!3G*SttT 

fciv^. ma^as** uti±» Mis, ^yma 
tr* k . RflMtjfatti*^ . * owe** o»au 

[0028] TAWS 3 CSSttMCSlT^ftfciaCite, * 
k t 1 *<Bffl UTitfUX J: < , tff* K « 
T*H3i:tSf83SiRl fccOJ8ttE*»M 0 0 Otfy^.* 

Lv>. ^4-JBfi£"rs«9^#*t».vg|Sii, 
10 0 0*^;/X hn-AKLkTftnfcf^KR^*^ 
am^-fcJSk UTtt, SW5tf>H3 2 ■)&< 

tftttfl. 0*tm«T* I »SLV\ 

2 0 0 0 hn-i~3 0 0 0 ^^/X b P-A 

(cant** k L v \ 

[0029] jitBoi z> tcwm&mzzmmfo 1 

tlX^&t. ELOGtf&lZk'OletiLZimt&M.X'ij 
|F*U». -^i 1 ). JJB^«t3JcMa*«il* I ^ ! S:<fc 

¥*Sft40ie&H^Uf&<£W£U>. SC. 

gSKitfjtia^stiwfe^Tv^k, ooaswA^fiE 
^•sm ,i. nmwmmftA <7>&&®ftX'<?>&&cv&.x- 
&«wi/c. im.<o?mt:m±x'* . fMM&>jtv%. 

fflttflSW^W^rSI^^SWs^^S -fr * i fc » 
hXV%£^m*LTVvI> EBB 



ftS*fJl«Fk'a:&tJSjMi.&. WlzmhtiX^imm 

m i ±fcsraw*^ lt w& k . iBft^&vMHautgB 
[0030] caa^nwtt. emmbboj**** flSLt 

t^kH&g^flg&fc'ii. WlcRJ&Sftar"* 1 . 

®frhmmz&&rb m 1 ^sjwtw^fr 4 *^s5i)8® 

ftfXh?^7'1B(Cia5±SW<@) ftl-2.0i<m. ff^ 
L<ai-10Mm-CJ&9. Xh5^7TSI[H (QDSBJSS5 
<0<I) Sri 0~40«m, #*U<ttl 5— 3 5//mf 

7TB«*#LTO*fc. IBffi^fi«kiB^«-a#K:"r 

k . imWj:\ ^\m±mz 0 v swwnx h ? ^ r * 

■rszt-amt*'). c««kpt=-riki5<a^ffi«§ 
«^4>j« , r*^wtt»**ii»rtiojR«t»jh'*-*^ 

[0031] !&2C0XmiHO£gt7&;*i2i;fc LTtt. 
ft 1 ©aft W»*4 *-®^ISl 0 K < £ k 4^" 

r^^v^Tt*^. xy^y^teJ:"?, T«LJa3K:ffli 
[0032] £2<0XgC*iVVtT*(&JB3frX yf-y*' 

F^^fx /^-y^ffl^a. K5^x yf->-^(3i± v w 

itt*Rl6tt>f (RIE). RWm.<<*> 

t"-AX 7 fy/(RIBE) . aW^OhDVX 
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(ECR) „ -YsJ-^t'-AX-yf-^^KS 

.to. &.wmm#ixv+>fi,xv2&. mix. 
jLy+yrv (wmam) 03 < a- 1 > t 

[0 033 3 SI20XgK:i5Vvt. DaQOJ^^Sr 
0. 1* —0. 7* , #£L<(*i? = 0. 1* -0. 5 

10 0 3 4] WTfc»2^IiS-C^«S#l*E!iawfllW 
30 <b-l) - (b-3) ] isotvcBCT*. Otf 
^l^lS-C**S^4SjaBE#OSft!liJ*3l*l 3tf> 

k . ogMBMctt t Daatiffiiiitisaj lt h & tjm 3 ^ 

M 1 »SHI3ll^1MOJ^«M^fc»fe3*i.* Jt 3 
OO^y^ho-AJJUi, #3 U<<±l-10Aim^ 

[00351 [ftZOJOi : OttJiTCttHtelrr * 
**] SfS20XE&t. 03 (b-1 ) C^Sflfc 
X 3 »S2S« 1 ±EjR*3*fcTW»3 ['«* 7 r 
JR 1 2 , miJftfttQftffftiNi* 1 3 ) HMHWcmi 

Ami 5s-fl5Bfer&xsT*>s. 



[0037] i(7)^^iaGc0jf?«Ji. l*fcBtf&8*i4 

jnaiiiirajta [H3 (b-i ) *>d] uaspora 

P3<^)6 [03 (b- 1 ) Ow] *IWl.T3BJjfte*tT 
US. 3EC»SL<ti. Qafii^JBtt^, S6iB$.*tni"F*ft 
Jg30i»>g£ {d) fcKISSOSflOffltolH (w) fc<0 
HOL w/d#. 0<w/d*5. #£L<l*0<w/ 
d^3, iOff* L<Jio<w/dSi£jK-fJ:3£§)3 
&LX&fSL*tlX^hk, fi^^MC^^hn- 
/l/?feTM3«*n0»fcO**fcfflJtT**. £<*><}: 
3fc* T«6JB3««ffl*»^<0«*Srflfc5t3**£i:t£J: 

T*ft«3f [03 { a- 1 ) fcPUK> 

[0038] ±ia^ <fc 3 tc. D3gUiRSirtwSa*« 1 

Hi. JfftKttlMHMKljWftewWSFTXv^^S! 
flTV^&i:. ^360XlgT6!c^?-€£mi<oe'fkfHs¥« 
*4£0)£##. IMSSJSgSOSB^«l J: 0 I . El^fflM 
C«tkiLTVi&T**3fclflBfeLTfT*>h.. DDSBJSSfT 
«^ 1 <7m-fk ! B! i l i »«c4 i:|$[£&JR 1 i: OlBICMSfcWt? 
J£3rt. £02BSii;JI54<DX©T«ia^(=J; , ?ig'ft!Bl* 

[00391^2 <oxst=*iv %t s oaB±W36 t »sra 1 

STWtafVCkV&fcU:. T«fiJB3SrS!^Wtcx./^>^ 

atojtstK CTii*si3 <b-i > OJJ3K, fiimeii 
5*Tim3<r>C}&±mtzjmTz>zbX'9>?>. ass± 

9. £OJr3^rJm« , *4i:, efft09ffi«i:Atc, mi 



PAGE 25134 * RCVDAT 11/1312007 3:09:42 PIU [Eastern Standard Time] • SVR:USPTO-EFXRF-6/12 • DNIS.2738300 * CSID:612455-3801 * DURATION (mm-ss):08-10 



11/13/2007 14:08 612-455-3801 



HSML, P.C. 



PAGE 26/34 



:(8) 001-176813 (P2001-176813A) 



us* i o.~2 o>um, xhv'fTTsm {wmcomum) 

[0041] »2«>Xfi'CnflfltJBWW**»k LT 
li. TtS®3 0I5^< - t^TS 

£fe, «ffstt&»*fc&v^ia?;fc;h. , f. 

Ls l^a^M**-y£T«JJB3t^j£LTXvf-;^ 

[0042] JI2 OXftC* v^«flSH|4NW*!* * 
^^**IWctt. fi*±HA*T««3 [BD3 (a-1 
~a-3> ] O^fcmtofttttJffVi 
b. 4fc. x-yf-x^ej^-tDIfiMMW-***. x 
vf-V^ffi**, 03 ( b- 1 ) fcijrf* 3£J*aS<Kl 

tc» ux Tfl6« 3 cwsawsawii: * s xi±hs 

*USst», *3l^te*JUT, 03<b-l)~(b-3) 

BTIW3*5lMJO** <d) fc-T*. 
[0043] JH2«I!KW6ft.SMBBl 5iLT 

»L<IMWLC:<V\e«t*T&*m««»ffe*L4. 
«&B81 5fcLT, MiiaftMtfSiO,) s m. 
y ( T i O, ) , Btfb>*/U=7-'7A (ZrO,). 

(S i B N s ) «W»Hll.' *fc£h.fc«>*MI»«. N 
l.Mo,Tl. W£*01 2 O 0-CJa±cOltt^S:^& 

SMaNMI^IHIc03tt«ftK6 0 0*0-1 1 0 OttttUEfC 
[0044] ±fe. »2WISK«V»T. ffiffiKl 5 

*sm**. * -fx v^-y^ciHfl T 



^ THWS3^ffl±{-R8iffi!l 5fc»jftU £*>±*> 
[0045] ftHHl 5<0BWi. ENCKjetfT. 3J3 

oxmxiHatoTJ8« 3 am* 6 ftftL-tjftfttttfc 

*Ufc*»0 J: d \zm 1 0WI^**44<ft»AttfeA 
MM1 5li»<^j£3*lfe7f#. MUtl 5-tCBKS 

ltj&£ i/r & few 1 <9nttt>*MH*4 n?±a*&-& Ul 

<&4fcsfr*fe*t4. MUdKMHI 15 ZBtfL-ti 
IHi5JiOTT^l^ , a^^»'»4^jfflf*l6l^ 

lfc**<fcfc«fflS**£i:fc. »lfl»HW»»fc 

[ 0 0 4 6 3 ifcfc- agB_hffi#TMSJf S^^RZXfSa 
■ 1 5-C»bfLTV^T«UH30«^)SS30iak:o 

[»30I«: fl«±ffl*<Til6a3<0J»^&VfilSSJH^ 

SWOXfitt. 123 (a- 3. a-4) (b- 
3. b-4) tZTjiZtl&Zdlz. msJSHh^&^tiA 
Tim 3±CC. SS 1 <55S'fk!te¥«f<c4 Srfifc^S -fr^Xg 
•C* S . fR 1 6>OftM¥S*4 k L"Ci±» ^tRRSg^it 

WfrH— rWfvmSSR, undope> OTaN, Xli, s 

£85-1 lOO-C. »4U<<*1 OSO-C-TIHiaS-ST 

00/xmJJLt. *4L«±2 0 0jumtU:. 

<«±3 0 0Mml;U:. U<tt5 0 0 jumfiLh 

f y y^tt^o^-rKf* lv». gt 1 oafl^^##4 <7> 

[0 047 3 Sfefc, *WH*^*»V»T, »30X«t=i3 

tt&mi<om,wm&4 : tf, 04 (a-4) s (b- 

4) (CarrjrdC, «laBia*«+*T««3Jtte. file 
^RS: 0 . 5 ^ m/BflaJjLt 1 0 a* m/WiaClTOB 

2<oa-ftfi5*a«* 1 7 ^ee^s -ti-ass 3 - 1 <oxgfc . 
zcoTmmz. &&&&& iom m/mm±. 5 0 0 u 
m/#f®&.TT. m 3 <?>&m*mft 1 3 * 
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v\ r>t *> , »3 - 1 oxs-aft^jSJK^a^jsKS* 

j£. CTiSfMOCVD. T^«f tKtt«r«»r§ . IH3 

ant. &sm&<tt^im££VB^i!^&^*&to 

ft. «ttjt«K^#ix:Afi^i»^*4»JWk (M3 
-iax«?MSIS2aa4ttk¥**> *»ftifc««r* 

[0 04S] JUTl=»3-10ISaVIP3-20ISi 
*r. 8S3-10X&I*. ( a- 
4) KSttidC, EDfl**-f AT»H3±fc. ftJU 

at o . 5 m m/nwa± iov m/vm&TT. wt 

JCj:0m2<^fli%iiji«f<cl 7£l£&3-£&XfgTfc 
5 . JJ2gS2^a-fM*r^tt 1 7 &Jfc£S-£$J&£&R 
fcL JbsEOidei Owm/BffflJ-ZlTO. 5p.m/&a& 
JJU., L < 12 7 >u m/^IBJJlT 1 At m/WfflJJUt. 

U<{i5jum/HSISIJaTl. 5^m/W B 11Xt 

4^17«BWMBfcf4<0«F*U\ i^idt 

mfjmocvDtfimfhtLh, 

[0 04 93 m2<OSim^rmi^l 7tUT«s 

2 2#. T>P-rrft6i:*Satttf5i[TlffiLt^ £ 
fc . » 2 OXST'OTE L O Q^MnmiZ , fy 1 <Ol 
*g<?>E L O Gf££0)#£-fc |E3«fc . p WWmW/t. 

<ktD!K!it«3itO"C*ilWaJt'C»'5. W** 
3i##J*§!&£i LTti. *F*L<ttl-~5 0jinu J: 0 
#*L<J*2-~4 0,um, 3£>*£#±L<ii7-~2 0;u 
mTfc&. JbEanaflWCfeftk. BDCr*ft»fc?H3 

[00 5 0 J ace, 134 (a -4) C^fivC, #3 
-2*>X&T1i, ±1E§53 - 1 OX&C J: omtZtvt: 



■MBCIT 1 0 ju m/umZLLT. SB 3 AB^WNMc 1 

8*££s-£&. a?3-2ox?§-c\ #3oaww» 

*18fcjft«tf*jMBMBi» JJ&cO<J:$»c5 0 0ju 
m/^reWT 1 O^m/BSfSJlyjt, if 4 L< « 1 0 0,u 

[00 5 1 J *3-2flI«TI««**l*»3*>»l3» 

^4a^^w*E^a«<ois*ir* k 4>ffiiL^. * 

[0052] ^3w2ft«mitt; 1 8w§y*ti, fl&£SB 
2««flflM«W*l 7nM*J:9ff<£***l*. SS3 

j»^bsu). S3^a-ft^ss2f*afri8«ft#: 

W^IBJSk UTI*. »*L<{i5 0-um~l 0 0 0^ 
m. *"?iifit<ti:S0*{m— 5 0 0/xm-CA&. 

[0053] fB3-10XSCi30T. »2<oa 
i, Qe, Sn, Be, 2n, Mn, Cr, 3tt/Mg 

4f*L<, *fefcaS2 ^a^b«5#««s 1 7 O*iS<0BS« 
[0054] »2«aYIi«J^5S«tl 7 fir«JI«« 
»2oa^M^f*l7Sr»EtLh^KfiS*fl i TJ« 

g32^a'fb!i*i i j i ^i iv&mvmw&t; 

L-«i«ffi (JSBTlJRff) ~2. 5«UE-C*9» #*L 
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t . tH 2 oaftSIMfW* 1 7 0*B«HB««t 

[00 55] «3«IfifclS*vC. GaLtffi#Ttti«3 
GMlWrUTOrtftB^ft^fciaai 

haA&iimth. *fcs IHfflKflieBWKiffff 
BLT^*fc*>, BltfJBHfcWWWM (%2<r>'mte 
V&mi 7**tf) a&fttt, SmWtESI5ffiJBij{=«^ 
BO**tlil^[!aftftlII»6)^UfcBl OMft^ 
StUBi***"*-*. **>*£B, ISIBIrTnttft»&A£ 
UJtIS 1 «ttftlfta¥«ft4 (CHftOMSfc X,«fJl**i& 

£T<on«anK u»iL< nmmm 1 ^-tia^i: a * 
wcihwvc t . nagpftaM'&am i <oafl:w 

tv. aar±B^ft*3?'fc*fc£«£i&.bB*> 
fcl«Lfc»10B4WHMHWMa»#ei±. BflSH&D 
g?***> JESTS feOfcjfc^T-W^^ftflWJl**!. 

jg^rtj^sw-rsjMEiOt. owHciffeA 
*te. Bi*>wwiH»w#4-fce, ml S2atxm3 

#T£&. iafc, aV^fcDDftnft*&6itL*:*l 

C 0 0 5 6 ] JCfc, US «0Xge**v>t . * 1 OflttM 
¥B*4fcj8ft3-fr*fte, ff*tftEJ3Lh«WtaBBli# 
eHB?& <Z&l£<fc9, SI t^H-ft?& i t i «*4 tfT^S* 5 

[00 5 7] _hGLfc£d£ft2ftZfl*3axH 
t-» 9 5g-r*H\ TKfiW 3 «CJR« LfcBDSILhff Hft 1 9> 

&fc®*®fc4 tzm&ztii wittf. rms 3 icbb u 
**, **n« tims-t ut 3 tern i (D&tmmii4 ess 

Stt«J*i«fc4 ±eftfcMflflB¥W*fc«*i5*4 . 

*fti*9#*u>. mK%mttM*mftbi-cimi 

<«flfllB*N*t*4fcH*»>ti SSfc, JR 

40BI5£.. |«9ig$ : 5rv^frg-fcJt'<T, BOOKS 

if, mi <r>mwtomfr4 tzmmztL&!m&B&+7 

7 4 TteZnWmm. 1 Bi: ** * 3 e» 1 <om<tW¥- 
»#4 ?i7+yW t . 9 iWrkMB«S«W> 



[0058] -ar. ss3*>:n«£»vvc, casj;®^* 

BWTlK>fvC^*Tftft3'C»***ei±. DUftftB 

±Bfc {&&±.mzfc&-t 

&f& 1 ^ffciHNWM tt^S&fc . -5* 9 . OflLb 
EfcttBJRBlStfWBSft.T^fcfcWc. OBJLBe 

tta^m ^3fc*&¥»te4*M^f\ nmna»»& 

£AL?«^m^flfflftm4#fimi 5±tB 
*oTB#Bo**cJ: 9]«U <S§H8l 5£«3. 
iOi? e«SB 1 ^S»filW l&SJI Lfr , 
Kl6l?rtB*» <b Jfcft * fcSS 1 4>ftftMrtH**4 *«B# 

Bsaftfitr scfc-cj&fc**, bbbi 5±eB*L 

3 e=3r*. *LT, EMmMBi»*jft**-tftl 

omfcSMHiwM at<i£!i»±iBttj««-r*» i ^afltfsa 

¥B#4fc fa£«ttaftM£*l*:, 1 5Jb 

teft J£, » 1 <»5Sft!|«»im**4i^» 2 <0XS^tXSt 3 
OXSSr« 9 3E X <> J: v ^. 
[ 0 0 5 9 J felTt^ffi2&» 1 O^OffiWIffS L 

v>-0e»w©sc-ov^aa»t* . «ms 1 1 lt 

KtfflVJit, SS®t3»5cl«S* J Jl4.Ar. Xfvr 
JfiS*«*4i3i^H* {i Pfite ! !t9 ! ©u. Sfcx^-yrtt 

J&d*T6i im&ift) aft 1 , -9-7r-<TOAfflfcSfLTS 
SLR«*fr&ifc*yKSf«f9#*L.v^ 

[ooeoixcffiu^rnHMRifctrut, (oo 

01>IB(CIS)fe±lBfc-r*-^7r4r. (112- 
0) E[AH)S±lBi:riir7T-f 7\ JU1 ( 1 1 1 ) 

(oooi> Btcffi) tr&mt-rzv? r 4 Tva>& t 
» , friETJaB 3 was *t&Eio«^ f ? ymt 

Wf? r-fTO (112-0) rat A®) (c:SfLT 
ffiB*«*^3e&v^r<l**:o. L-~0. 7-T^L 

i«< l - 1 o 0>(MW^r*i)*'^ia5 ic^f J: 3 eft 

mm^tE^ff)^-rt)JiHZ0=o. i* -o. 7"-r^L 
7v^;k^*7»<9 (lases^r^) l<«o. 

1- -0. 5' . J:9l3 : SL<JiO. 1* -0. 2* T 

[0061 ] tte ( 112-0) ra[ASJ]£3LBi:-f& 

W7t4T*> ( 1 1 - 02) BlRTOeJtUTIWKl' 
W*»fe±8BAB<?5**t B«eT4> UTXh5-f 
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b.-f&XV*}l>-?bhh% . tfriaHia^7.b7'f7"7E£l* 
tjfoxe^wo (110) Bte*tL-T_tJ2l?-7r 4 T 

i: mmzx h ? -f rimft&ir lt ^ & ,r ^ &»& 
®, *t**/KD (no) ®(~^fl:if*^^A^-fa]Cc 

[0062] *3Ef££&»'Cfflv\4,*i«4ia&K 1 1:-? 

mmt,z irxxh 1 ^^ next ■? tm&tzwzBm-t 
(*U77> miAmt trv^s. ^ 

E2rl&<3£#Vvfnj!P(=<?=0. 1--0. 7"f*>L 
fc^l&IT. EV HrTW&X h 94 7WJfct 6 . @ 5 fc 

flgfolcifc*. ei^TAHCttLTiJe^£3K^-f4> 

[00633 Affi*±ffifcTS1f7 r^TS^t 
J8ivfc»fr. ±IECra£S®t't6«^fc [»!»{=, PI*. 
K3j-U75HSrRBt-t*t, WfEAffiO^fcR&C; 

7l«*W=*f LTSMUNtfWtomft L^wsm {eft 

£M::ii#&&ffi*7*n^£*g.&.lfca*-r' 

[0 0 64] ifcifcC. 7.tf*A- (MgA l,Oi) K*f 

BftttllMffl* ( 1 1 1 )Mb U *'j7?Httr ( 1 3. 
0 ) BBff 4 k . §?fc8*4*i*ttli (110) MtzttLX 
s ?ff^^Hz^L J ^r\.^Rmi) s t,?, , ^T. (11 
0) ®fc*fLTte<?Hi£mftK *?*L<<*-Ls2-*7T'f 



[0 06 5 J tfi. JilTfc. ^77^l'?<tt77T 

^-Ctt«f& . X?77tCt77^L.fet7T'< 
T^ir^SS3S«l<±, H6C^f J:3e«tt3jcT«^ 
yXSfcfrAfc. ®£&#Bk**iLZU6. 

C^*5&*7a6>£:rtSXT/7MKSWH;t, 16 

k-r&, a^s«aHK»±. ^7A*<o. i- -o. 5 

* k tf*L<«0. 1 * —0. 2* T-A*. *7ft*± 

fBigHtT* fc . « 1 cm<m*m&29m\mfrttm 

[00663 iXte. tEfittaSJBBftt L-CS^« 1 fclSl!* 

mmiomi (om±.tzTmm 3 jttx^ 1 w&ws&m 
4 ejus msam 1 ^® 2 <oha> bwsm sr 

&&<m*mfcimMix-$ . s^t^Rcios-ffc?^ 

»»^*W-r 5 i t TPSSS 1 Srl^*T& 3. Jf 5 

UtJi. TJfi«3«-fl5B!£1-iafl:!|4|i|i»#<0/<VK^-r 
v7*x*/Udf-J:05«c&^iI5:*^«J»»rr*>'?- 

T«, Tim31fiWZX'*t&Wtl% : <?>\s-- fTbtllf 
X<.mtt£. Ma&&im3 I 0 nmWT^-y* 

**<3 7 0nmU[Ti: : S:&l'-i?'tLTl^ ftlcK&SS 
IX^if. mUZz-^i'lV-^ [A r F ( 1 9 3 n 
m) . KrF (248. 5nm) . XeCl (308n 

[0067} wm<om&mt txtt. mzus&zti 

i*. SSS«lO^2<0]if*>fe«fi8a»tS!BWU. TflWB 
3* { *«?LTSat3&(g 1 S-BfcfeTfc ssiEt^smiiar 

{f^Wlk LTJ±. KrFiJf^7l — U- 
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[0 0 68] iifc. S»3Sfcl<>>£2<>)ffiC«ffi&SrSH 

m-&v&~ msam. 1 oss 1 oaubtrnyi 3 l-t 

BfS& ixkm 1 f>g<ffc«5¥3S&4 ^® * . SfSttfclise 
LTH»g68t 1 OSS 2 WW*' fc««R* 8BW UT fc * 

^x>^pjn^B6±-r&^rc0^L^. ant. ximmc 

[0 0 6 9] *fc s ^l^afl5«5¥#«*:4<7)B«:*»* 

■ntjeMLTtJ:". tT<a»cB«*ft* 

k\ftiSiO,. S iN*?£ffll,-».&C:k* I T#&. 

suit < v ymvoftmn h & &G#mf £>*l. mt&M 

[0070] 1 -fcBTJW 3 *9afl3ft¥9* 

ft»Cia«T#IHWKi«l»**»*IFk*9IF* U 

r 0 0 7 1 3 

k , SMS 1 k TfflLiB 3 <0S«!jB<7)aflsW»#:**-* 
H?U 11113^ lW|fc*0«Nitk$:&. ±fc, WAfc 

»*. JHHHKlfrNiStftlC. H»*-*fc*>fcMV^V» 

[0072] ^m^mm^mwrnic^mm^i 
tom+zmm-t?^ xm&tvr\t. wanes*. 

htl*. ffl&Mt VXit. MW1 QGeNSftm 

6 £fi*^F^@^mJB****f 



(?12))01-176S). 3(P200J.-J. 768 1 3A) 



[0073] *JWM=*v>t. a^¥»tt£lfcftS-£ 

fflj&sao . hvpe <m*m FSvfflf&aa:) > mbe 

(4H48Xtf?dr^-&) . MOCVD {im&mt¥ 
T!s&. L.*»U MOCVDSJiWW'Jfcfe, St 

JS**J!tv ^**r«^ia«?M®v K&*rcff 5 c k #*f 4 l 

LV\ 

[0074] 

[0075] [MINI] WWlCfcB-fcftEttfclS 
[00 76] [3S1 mm tLT. 

tL. ^77^^9=0. 15*, 

[0077] <Tlfi)i3>±ga^7T-fTS<gl±t=. 
Tle^ < -y 7 Tfl 1 2 k iSJiam^cOSS'fcWt** 13k 
TUfiJB 3 (S2^BB) . 

(/^•y7TJBl 2) ;<W7T'<rS«UMOCVD 
WRJ£««rt(C-b»/ h L, SJS* 5 1 OiClzLTs ^-p 
Ur**Xt:7fcS- H^XtrTV^-TkT'MG < S 'J 
^f-A-^V^A) k*ffiw\ ■t7T-<7 > »Kli{=Ga 
N J: 9 * S A -y 7 T IS 1 2 £ 2 0 0 * >^ h AO 

(iSfifRSoafl^SW*:! 3 > X^rJMWtt, T 
MGO«.jJb*t)T, taK&10 5 0-C^TJ^S-t, 10 
5 0W^-7it^ H JR^^CTMG. 7>-t~rS:^ 

i-v r^H-rGaNjcj^si^jafia^^kw^aF* 

13^5 M mcDlUSrmfi^^* . 

[0 0 78] [^2<7)XS] <X£, 2S!X 
S^^)S-fk%^*frl 3*^^r&T«I« 3 t-fifcft 
1*. ^.h5-f7^efiD7^f^^t^BKU. CVDSS 

7TSBS (D0«5SSBk^-59J*) lSitmfcK^ 
-V^S^S i 0,R*»*U «5V^T. R I E^ff 
ICX 0 S i 0 8 S8^)SS^T^'ifU^Wi«^jS«O 
mWWH»»l 3Sr-9-7r-rTS«lS-ffiSS-ti-- *4» 
tCT77--f T^fiEl S. J3J?2 0 0 0tJ-V^XM3-A 
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•f^CItC^'JIHCjS-^lt-t?. [©3 (a-l ) ^ 

0 5 5=7jrf 5Tl/7^ffi(C^UT4iE*»4 
[00793 [^3-10X^3 cJcfc. TiflSJS3fcffiJC! 

TVK-rOGaNJ:O^502^ffift!tSlJ^MW*l 7£ 

I 5Mmcr>mm?fBM1HtZ> [04 (a-4> „ &tf0 
3 ( a -2 ) SIR] . <1U #2<>93fc1*>¥3!W* 1 7<0 
tf&aL&ii, 3;um/HflII2:Lfc. sifc.. 3S3- 1 *?X 

[00803 c^3-26dxs] &*c, m2om<tm^ 

«9*Nf*l 8*HVPESSB»CA 0 2 0 OjumOKJTC 
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